ABSTRACT Natalizumab is indicated as monotherapy for the treatment of relapsing-remitting multiple sclerosis; it prevents outbreaks and delays the progression of physical disability. Here, we report the case of a 30-year-old patient with multiple sclerosis receiving natalizumab as monotherapy who subsequently developed self-limited cytomegalovirus disease. Cytomegalovirus infection has been reported during treatment with natalizumab, and in this study, we use new techniques to analyze the possible association of cytomegalovirus infection with natalizumab.
INTRODUCTION
Cytomegalovirus (CMV) is a ubiquitous human β-herpesvirus that is prevalent worldwide [1, 2] . The outcome of CMV infection depends on the health of the infected individual. The majority of immunocompetent individuals infected with CMV are asymptomatic. However, clinical symptoms such as mononucleosis-like syndrome, which consists of an acute fever with marked lymphocytosis and lymphocytic atypia in 10% of cells, can be observed in some cases [1, 3, 4] . Some patients, particularly those who are immunosuppressed, may develop infection with severe clinical symptoms. Treatment with natalizumab, which binds to α4-integrins, promotes immunocompromise by blocking the adhesion interactions necessary for lymphocyte trafficking, there by disrupting normal immunovigilance. Although numerous studies have discussed infections associated with natalizumab in the central nervous system (CNS), fewer studies have addressed infectious sequelae in other anatomical sites [5] . Here, we report the case of a 30-year-old male patient with multiple sclerosis (MS) that evolved into CMV infection after treatment with natalizumab, focusing mainly on the clinical aspects, drug mechanisms, and side effects described in the literature.
CASE DESCRIPTION
A 30-year-old male patient from north-eastern Brazil, diagnosed with MS in 2010, who had a previous history of interferon use and had been treated with natalizumab (300 mg per month) for the previous 2 years (2016-2018), presented with sudden onset of pulsatile holocranial headache and photophobia associated with persistent myalgia and fever, with temperatures ranging from 38.3°C to 38.5°C. In addition, he had difficulty walking, paraesthesia, and an isolated episode of diplopia. He denied urinary complaints, respiratory discomfort, angina, diarrhea or vomiting. The physical examination showed positive Romberg and Babinski signs, with no other significant observations. Red and white cell counts were within the normal range. LDH (1,452 IU/l) and ferritin (1,500 ng/ml) levels were elevated. Cerebral computer tomography (CT) did not reveal new lesions suggestive of disease activity (Fig.1 ). Anti-HIV 1 and 2, hepatitis B and C, venereal disease research laboratory (VDRL) and Toxoplasma serologies were negative. Tests for John Cunningham virus (JCV) were also negative. Blood culture was negative. Abdominal ultrasonography revealed homogeneous splenomegaly. An echocardiogram and endoscopy were normal. Other serological tests for mononucleosis-like diseases were requested and CMV immunoglobulin M and G (IgM and IgG) tested positive. The patient was diagnosed with cytomegalovirus disease associated with the use of natalizumab. No severe infections were found and treatment was administered on a symptomatic basis. Upon follow-up, we have determined that the patient has had a complete remission of symptoms.
DISCUSSION and CONCLUSION Natalizumab is a humanized recombinant monoclonal antibody (IgG4k) against α4-integrin, and is produced in a mouse cell line through recombinant DNA technology. It is usually prescribed as single-drug therapy for the treatment of relapsing-remitting MS to prevent outbreaks and delay the progression of physical disability [6] . Natalizumab has primarily been associated with progressive multifocal leukoencephalopathy secondary to JCV reactivation [7] . Consequently, clinical and laboratory assessments of a patient's immune status, including total leukocyte and T-lymphocyte counts, history of opportunistic infection and immunosuppressive therapy, and periodic JCV serological screening is recommended for patients taking this medication [8, 9] . Other atypical infections, including herpes simplex, varicella zoster virus encephalitis/meningitis, as well as CMV infection, have also been described [10] . In addition to the presented case, approximately 112 cases of CMV infection after the use of natalizumab have been described in the literature. Most of the reported patients were immunocompromised; however, several cases in immunocompetent patients have also been described [11] . Other opportunistic infections of concern were found in patients with MS treated with anti-MS drugs such as alemtuzumab, ocrelizumab, fingolimod and mitoxantrone. Individual cases of Kaposi sarcoma, cutaneous histoplasmosis and CNS toxoplasmosis have been reported in non-HIV-infected patients with MS receiving fingolimod [12] . CMV was also identified in patients during MS treatment with alemtuzumab, suggesting a similar disease pathogenesis [13] . CMV infection is typically self-limiting and can be successfully treated in healthy patients; however, antiviral drugs have only been administered to patients who are immunosuppressed or have severe or persistent disease [14] . We hypothesize that CMV infection causes a mononucleosis-like disease in patients treated with natalizumab, by similarly disrupting normal immunosurveillance through lymphocyte α4-integrin blockade. However, further studies are needed to confirm the effect of natalizumab on CMV infection susceptibility. The case discussed is relevant because it is a rare association of an opportunistic infection related to the use of natalizumab. In addition, it encourages further research to clarify this fact and validate the possible side effects related to this drug that have not been documented.
